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Abstract 
 
Empoasca (Distantasca) terminalis Distant is a newly emerging soybean pest in 
South Sulawesi, Indonesia, causing severe hopperburn and substantial yield loss to the 
crop. The main purpose of the study was to determine the efficacy of four commercial 
insecticide formulations in suppressing the leafhopper population and protecting plant from 
hopperburn injury and yield loss. The results showed that all insecticide treatments 
significantly reduced the leafhopper population and hopperburn rate and substantially 
increased yield on the treated plants compared to the untreated ones. Lambda cyhalothrin 
and deltamethrin were the most effective among the treatments with the lowest numbers of 
leafhoppers per eight leaves and the lowest plant injury rate. The highest yield was also 
obtained from the plants treated with λ-cyhalothrin and deltamethrin. 
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1.  Introduction 
Soybean (Glycine max L.) is one of the most valuable crops in the world. This crop is used not only as 
an oil seed crop and feed for livestock and aquaculture, but also as a good source of protein for the 
human diet and as a biofuel feedstock (Masuda & Goldsmith 2009). 
This crop is subjected to insects and pathogen attacks, causing substantial losses of yields; 
hence crop productivity is much lower than the crop genetic potential. One of the major insect pests of 
soybean is Empoasca (Distantasca) terminalis Distant (Hemiptera: Cicadellidae: Typhlocybinae). The 
insect has been reported causing damage to soybean in India (Parsai and Tiwari 2002). Crops infested 
by the insect produce smaller pods (Mahna 2005). The leafhopper has long been recognized as one of 
the insects associated with soybean in the Province of South Sulawesi; yet it is so far considered a 
minor pest. However, our survey conducted in the dry season 2007 showed that its population reached 
an outbreak level of more than 10 individuals per leaf and inflicted substantial physiological injury to 
plants in the form of hopperburn in the Districts of Makassar and Gowa. A study conducted in 2008 
showed that E. terminalis population could reach five and 12 individuals per plant during the rainy and 
dry seasons, respectively. The leafhopper killed about 24% of the untreated plants during the dry 
season (Nasruddin 2010). The population level in the dry season was well above the action thresholds 
of potato leafhopper (E. fabae) on soybean in the USA which are five and nine leafhoppers per plant 
for vegetative and early bloom stages of the plant growth, respectively (Markell 2007). 
In general, during feeding process leafhopper uses a combination of probing and sucking 
behaviours. Adults and nymphs remove plants sap directly from the vascular system in the leaflet, 
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petiole, and stem of the plant. The mechanical damage and toxic proteins present in the saliva result in 
disruption of the phloem tissue structure and translocation processes. The crop physiological 
disruptions cause hopperburn symptoms on the leaves (Kabrick & Bacus 1990, Eacle & Backus 1994). 
Injured plants reduces rate of photosynthesis and transpiration. This in turn reduces the rates of 
maturation, growth, and the number and weight of the seeds, and nutrient levels (Hutchins et al. 1990). 
Since E. terminalis is newly known pest causing incredible amount of damage to soybean in 
South Sulawesi, there was no available insecticides recommended for the pest. Therefore, the main 
purpose of the current study was to evaluate the efficacy of four insecticide formulations, 
recommended for the control of leafhoppers on other host crops in the region, on suppressing E. 
terminalis population, hopperburn rate, and yield loss. 
 
 
2.  Materials and Methods 
2.1. Experimental Site and Design 
Research plots were located in a farmer’s rice paddy in Kecamatan Barombong, Kabupaten Gowa, 
South Sulawesi both in 2009 and 2010. All about 200 ha of the rice paddy in the study site used rain-
fed irrigation system. During the dry season (May-October) most of the area is planted with soybean 
soon after the rice harvest. However in 2010 less than 25% of the area was planted with soybean 
because in that year the area received unseasonably high rainfall and longer rainy season. 
Soybean cv. Mahameru seeds were planted in the rice paddy with planting space of 70 cm 
between rows and 25 cm within rows on May 27, 2009 and May 30, 2010, one month after rice was 
harvested. None of the growers applied insecticides to control any kind of insect pests on their soybean 
crops, let alone E. terminalis. Therefore, the experimental plots were constantly under high leafhopper 
pressure, migrating from surrounding fields. 
The experiments consisted of four commercial foliar insecticide formulations, including 1) a λ-
cyhalothrin at a rate of 25 g A.I/ha (Polydor 25EC); 2) a profenofos at a rate of 500 g A.I./ha (Biocron 
500EC); 3) a deltamethrin at a rate of 25 g A.I./ha (Decis 25EC), 4) a chlorpyrifos at a rate of 20 g 
A.I/ha (Dursban 200EC) and an untreated control. The rates used were in accordance to those 
recommended for leafhopper control on other hosts. All formulations were applied using a hand-
pressurised sprayer. The first insecticide application was employed three weeks after seed sowing and 
once a week thereafter for four weeks. The treatments were arranged in a randomized complete block 
design with four plot replications. Each plot comprised of four rows of soybean plants and 10 m long 
and the space between plots was three meters of soybean plants. 
 
2.2. E. terminalis Population, Hopperburn Rate and Plant Yield 
Both in 2008 and 2009 experiments, leafhopper counts were conducted the day before each insecticide 
application. The number of adults and nymphs per leaf were recorded separately for each count date. 
The number of leafhoppers per eight leaves was assessed by counting the number of leafhoppers on 
four middle and four upper leaves per plant. Middle and upper leaves were chosen because more than 
80% of leafhopper is concentrated on those parts of the plant (Nasruddin 2010). In each plot, five 
sample plants were randomly selected for the leafhopper counts. 
During 2008 season, plant injury caused by leafhopper was visually determined after the last 
leafhopper count by using the following rating modified from Sule et al. (2001) for leafhoppers (E. 
fabae) on alfalfa (without considering the plant height): 1 = no apparent damage, 2 = hopperburn 
symptoms on <20% of leaf area, 3 = hopperburn on 21 to 30% of leaf area, 4 = hopperburn on 31 to 
40% of leaf area, 5 = hopperburn on 41 to 50% of leaf area, 6 = hopperburn on 51 to 60% of leaf area, 
7 = hopperburn on 61 to 70% of leaf area, 8 = hopperburn on 71 to 80% of leaf area, and 9 = 
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hopperburn on > 80% of leaf area. Ten plants and five middle and upper leaves were randomly 
sampled for plant injury assessment. 
In 2009, plant samples, five systematically selected plants following diagonal lines in a plot, 
were taken right before harvest to measure specific yield components and seed quality. Parameters 
observed were pod number and dry seed weight per plant. Yield was assessed by weighing dry beans 
of five sample plants per plot. Seed moisture was the same across all treatments by drying the seeds 
under sun light for three days. 
The data of leafhopper number, pod number, injury rate, and seed weight were analysed with a 
randomized complete block design using a one-way analysis of variance (ANOVA). If ANOVA 
detected a significant difference among treatments, then Fisher’s protected least significant difference 
(LSD) was used to separate the treatment means. 
 
 
3.  Results 
3.1. E. terminalis Population Density 
In 2009, all insecticide treatments significantly reduced the number of leafhopper adults on the treated 
soybean plants (Table 1). Leafhopper number in untreated leaves increased during the period of 30 to 
58 days after seed sowing and then declined until the last count date (three weeks before harvest). 
Pyrethroid insecticides (λ-cyhalothrin and deltamethrin) were the most effective in suppressing the 
leafhopper adult population. Of the organophosphates, profenofos provided better control than 
chlorpyrifos on E. terminalis population. 
 
Table 1: Effects of selected insecticide treatments on the number of E. terminalis adults per plant (8 leaves), 
2009 
 
Treatment Mean number of leafhopper adults per plant (8 leaves) 30 day* 37 day 44 days 51 days 58 days 65 days 72 days 
λ-cyhalothrin 0.3a 0.7a 1.3a 1.5a 1.2a 0.5a 0.3a 
Deltamethrin 0.5a 1.5a 1.0a 2.5a 1.8a 0.8a 0.2a 
Profenofos 6.1bc 4.3b 7.5b 8.8b 10.5b 8.6b 3.4bc 
Chlorpyrifos 7.7bc 12.1c 17.0c 20.0c 21.5c 15.1c 3.1c 
Control 10.7c 30.7d 42.6d 50.1d 94.3d 31.5d 7.8bc 
Means within a column followed by the same letter are not significantly different (P <0.05) 
*Days after seed sowing 
 
All insecticide treatments kept the number of nymphs significantly lower than the number of 
nymphs on the untreated leaves. For each count day, no significant differences were detected 
 
Table 2: Effects of selected insecticide treatments on the number of E. terminalis nymphs per plant (8 
leaves), 2009) 
 
Treatment Mean number of leafhopper nymphs per plant (8 leaves) 30 day* 37 day 44 days 51 days 58 days 65 days 72 days 
λ-cyhalothrin 0.5a 0.2a 0.2a 0.0a 0.0a 0.0a 0.0a 
Deltamethrin 0.5a 0.5a 0.0a 0.0a 0.0a 0.0a 0.0a 
Profenofos 0.3a 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a 
Chlorpyrifos 0.7a 0.2a 0.2a 0.2a 0.0a 0.0a 0.0a 
Control 10.0b 22.5b 82.5b 113.7b 47.0b 23.5b 8.6b 
Means within a column followed by the same letter are not significantly different (P <0.05) 
* Days after seed sowing 
 
in the number of nymphs among the treatments. After three insecticide applications no nymphs 
were found in all treated plants. The trends of nymphal and adult population growths on the untreated 
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plants were similar. The number of leafhopper nymphs on the untreated plants reached over 100 
individuals per 8 leaves at its peak 58 days after seed sowing (Table 2). 
In 2010, both adult and nymph populations were much lower than they were in 2009. All 
insecticide formulations tested significantly reduced the numbers of adults and nymphs but no 
significant differences among the treatments were detected. On the untreated leaves, the numbers of 
adults and nymphs reached the peaks at 44 and 51 days after seed sowing, respectively (Table 3 and 4). 
 
Table 3: Effects of selected insecticide treatments on the number of E. terminalis adults per plant (8 leaves), 
2010 
 
Treatment Mean number of leafhopper adults per plant (8 leaves) 30 day* 37 day 44 days 51 days 58 days 65 days 72 days 
λ-
cyhalothrin 0.2a 0.2a 0.0a 0.0a 0.0a 0.0a 0.0a 
Deltamethrin 0.7a 0.2a 0.5a 0.0a 0.0a 0.0a 0.0a 
Profenofos 0.5a 0.5a 2.0a 0.0a 0.0a 0.0a 0.0a 
Chlorpyrifos 0.0a 1.2a 5.0b 0.0a 0.0a 0.0a 0.0a 
Control 6.2b 8.5b 32.5c 24.7b 25.2b 8.7b 2.7b 
Means within a column followed by the same letter are not significantly different (P <0.05) 
*Days after seed sowing 
 
Table 4: Effects of selected insecticide treatments on the number of E. terminalis nymphs per plant (8 
leaves), 2010 
 
Treatment Mean number of leafhopper nymphs per plant (8 leaves) 30 day* 37 day 44 days 51 days 58 days 65 days 72 days 
λ-cyhalothrin 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a 
Deltamethrin 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a 
Profenofos 0.0a 0.0a 0.2a 0.2a 0.0a 0.0a 0.0a 
Chlorpyrifos 0.0a 0.0a 0.2a 0.0a 0.0a 0.0a 0.0a 
Control 32.2b 32.2b 50,2b 64.2b 36.7b 28.5b 20.2b 
Means within a column followed by the same letter are not significantly different (P <0.05) 
*Days after seed sowing 
 
3.2. Plant Injury and Yield 
In 2009 trial, plant injury caused by the leafhopper was rated. Untreated plants showed severe 
hopperburn symptoms with an average rate of injury of 7.2. Most of the leaves in the untreated plants 
showed typical hopperburn symptoms, yellowing started from the edge of the leaves and radiated 
towards the midrib. The edge of the leaf then moved upward giving a cup-looking to the leaf. Necrotic 
tissues started at the edge of the leaf where the symptoms were initiated and eventually the whole 
surface of the leaf was dead. Both pyrethroid insecticides (λ-cyhalothrin and deltamethrin) protected 
the treated plants from hopperburn injuries with no discernable symptoms. The organophosphate 
insecticides (profenofos and chlorpyrifos) significantly reduced the plant injury rates to 1.7 and 2.6, 
respectively (Table 5). 
The mean number of pods produced on the untreated plants was 24.7 per plant which was 
significantly lower than those produced on the treated plants. However there were no significant 
differences among the treatments in the number of pods produced per plant (Table 5). The highest 
yield, equivalent to 1,560 kg/ha, was obtained from plants treated with λ-cyhalothrin, followed by 
plants treated with deltamethrin, profenofos, and chlorpyrifos with the yields of 1,250; 1,040; and 988 
kg/ha, respectively. All insecticide-treated plants produced significantly higher yields compared to the 
untreated control (572 kg/ha) (Table 5). 
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Table 5: Effects of selected insecticide treatments on foliage injury ratings, pod number, and plant yield 
(2009) 
 
Treatment Foliage injury Pod number Yield (kg/ha) 
Control 7.2b 24.7a 572a 
λ-cyhalothrin 1.0a 47.3b 1,560c 
Deltamethrin 1.0a 45.2b 1,250bc 
Profenofos 1.7a 42.1b 1,040b 
Chlorpyrifos 2.6a 44.3b 988b 
Means within a column followed by the same letter are not significantly different (P <0.05) 
 
 
4.  Discussion 
In both seasons, all materials tested were capable of reducing the number of leafhoppers to the levels of 
significantly different from those found on the untreated plants. Lambda cyhalothrin and deltamethrin 
were consistently significantly more effective (P = < 0.05) than other treatments in suppressing the 
leafhopper population and protecting plants from any discernable injuries. Although profenofos and 
chlorpyrifos were able to suppress the leafhopper populations to the levels significantly lower than 
those in the untreated checks, treated plants showed some hopperburn symptoms. The symptoms began 
as yellow on the edge of middle part of the leaflet then radiated in between leaf veins towards the 
midrib. On the untreated plants some tissues on the margins of the leaf became necrotic and fell off and 
the leaf margins moved upwards making the leaf cupped and then the symptoms eventually covered 
whole leaf blade. 
Both in 2009 and 2010 after three insecticide applications no nymphs were found in all treated 
plots. Because the insecticide treatments were applied weekly, any nymphs formed in between the 
insecticide applications were probably killed by the insecticide residues. However, in 2009 adults were 
continuously found on the treated plants throughout the season. Those insects probably came from the 
surrounding soybean fields where no insecticides were applied. Leafhopper adults are very mobile and 
can fly between fields. In contrast, in 2010 leafhopper population was much lower than it was in 2009; 
but the population in the untreated checks was still above the action thresholds (Markell 2007). The 
low population was probably due to the unseasonably higher rainfall rate and longer rainy season in 
2009. Results of previous study showed that the number of leafhopper was much higher during the dry 
season than in the rainy season (Nasruddin 2010). This is similar to the rice green leafhopper 
(Nephotettix virescens Distant) population which is lower during the rainy season compared to the dry 
season in South Sulawesi (Hasanuddin et al. 1997). Besides that during that planting season only about 
25% of the area surrounding the trial site was planted with soybean. Therefore, the source of 
leafhopper infestation was much smaller than it was in the previous year. 
Lambda cyhalothrin and deltamehtrin effectively suppressed the leafhopper populations to the 
levels that could not cause visible symptoms on the plants. While profenofos and chlorpyrifos 
significantly reduced the insect populations but failed to protect plant from hopperburn. Leafhopper 
significantly affected the number of pods and seed weight per plant. Yields for all of the insecticide 
treatments were significantly higher than the yield for the control. The insecticide applications could 
increase the yields by 73% - 156% compared to the untreated control. Therefore, for quick action in 
plant protection against E. terminalis, λ-cyhalothrin, deltamethrin, profenofos, and chlorpyrifos should 
be recommended to the soybean growers in the study site. To prevent the leafhopper from developing 
resistance against the insecticides, the insecticides must be rotated based on their active ingredients. 
 
 
5.  Conclusion 
The study results reconfirmed the previous finding that E. terminalis was a new important pest on 
soybean in South Sulawesi that could inflict severe hopperburn symptoms and substantial yield loss on 
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the untreated plants. The leafhopper population is strongly influenced by the rainfall rates. Lambda-
cyhalothrin, deltamethrin, profenofos, and chlorpyrifos provided satisfactory leafhopper control and 
significantly increased yield; hence those formulations should be recommended for the farmers as an 
emergency action to suppress the leafhopper population. However, for a long term sustainable control, 
an integrated pest management approach should be developed, based on more comprehensive studies 
on the eco-biology of the insect, including studies on more selective and safer chemicals, potential 
biocontrol agents, resistant cultivars, and planting schedule. 
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